Nuclear microsatellite markers were developed for Saussurea polylepis (Asteraceae), a vulnerable species with very limited distribution in a few southwestern continental islands of the Korean peninsula, in order to facilitate future population genetic studies.
Saussurea DC. (ca. 400 species) is one of the largest genera in the tribe Cardueae (Asteraceae) and is also one of the most speciose groups in the flora of Korea (Lipschitz, 1979; Im, 2007) . Of the ap proximately 40 species of Saussurea in Korea, nearly 40% (15 spe cies) are endemic, mostly occurring in small-sized populations in isolated regions. Of these endemic species, S. polylepis Nakai, a perennial herb, is highly restricted to small continental islands (less than 10 locations) in the southwestern corner of the Korean peninsula. Its population size is extremely small, normally less than 30 individuals per population, and it is currently categorized as a vulnerable species (VU B2ab (iii, iv) ) in the Korean Red List (National Institute of Biological Resources, 2014) . Although the overall phylogenetic framework among the species of Saussurea in Korea is lacking, S. polylepis can be morphologically distin guished from its congeneric species by its glossy and reniform middle cauline leaves, hairs on adaxial and abaxial leaf surfaces, petioles without wings, and irregularly dentate leaf margins (Im, 2007) .
Saussurea includes numerous ecologically and ethnomed icinally important species. For example, some species, such as S. lappa (Decne.) Sch. Bip., S. gnaphalodes (Royle ex DC.) Sch. Bip., S. costus (Falc.) Lipsch., and S. ceratocarpa Decne., con tain many important chemical compounds that have become important drugs in the international market (Pandey et al., 2007; Zeng et al., 2012) . In addition, some species occur at higher ele vations than any vascular plant (e.g., S. gnaphalodes in the vicin ity of Mount Everest at 6400 m; Yoshida, 2002; Yang et al., 2008) . Because of their distribution in the subalpine/alpine regions and overexploitation for different medicinal and commercial pur poses, many of these species are sensitive to climatic change and are subject to extinction. Several endemic species of Saussurea in the backbone mountain range (i.e., Baekdudaegan) in the Korean peninsula are not an exception to this situation (e.g., S. grandicapitula W. Lee & Im, S. chabyoungsanica Im, and S. calcicola Nakai) . Despite the ecological and economic importance of the genus Saussurea, very few studies on population genetics and molecular marker development have been conducted (Jeong et al., 2012; Zeng et al., 2012) . In this study, we selected one very rare species, S. polylepis, occurring in several continental islands in Korea, and developed polymorphic microsatellite markers for future population genetic studies. In addition, we tested whether some of these markers could be cross-amplified to five closely related species of Saussurea, namely S. gracilis Maxim., S. grandifolia Maxim., S. maximowiczii Herder, S. pulchella (Fisch.) Fisch. ex Colla, and S. tanakae Franch. & Sav. ex Maxim., which are commonly found in mountain regions of Korea. (Joshi and Fass, 2011) and adapters using Scythe (v0.994 BETA) (Buffalo, 2014) . The paired-end reads were then assembled us ing SPAdes version 2.4 (Bankevich et al., 2012) , and a total of 814,626 contigs were obtained. MIcroSAtellite identification software (MISA) with default settings (Thiel et al., 2003) was used to detect simple se quence repeat (SSR) motifs with a repeat unit ranging from two to six nucleotides. The minimum number of nucleotide repeats was set to six for dinucleotide repeats and five for trinucleotide, tetranucleotide, pentanucleotide, and hexanucleotide repeats, and a total of 40,773 regions were found. Primer3 version 2.3.6 software (Koressaar and Remm, 2007; Untergasser et al., 2012 ) was used to design SSR prim ers with the following settings: optimal conditions of length of 20 bp (18-27 bp), annealing temperature of 60°C (57-63°C), and product size range of 100-300 bp. Of the 40,773 regions, 35 candidate primer pairs were randomly selected and tested for amplification efficiency using eight individuals of S. polylepis sampled from three island pop ulations of Hueksan-do, Hong-do, and Ui-do (Appendix 1). The PCR amplifications were performed in a total volume of 20 μL containing 1 μL of genomic template DNA, 0.5 μL of 10 mM forward primer with fluorescent dye (Table 1) , 0.5 μL of 10 mM reverse primer, 2.5 μL (10×, with 2.5 mM MgCl 2 ) of PCR buffer, 0.5 μL (each 10 mM) of dNTPs, and 0.1 μL (1.25 U/μL) of Taq DNA polymerase (Inclone Biotech, Gyeonggi-do, Korea). The PCR conditions were: initial denaturation at 95°C for 1 min; followed by 35 cycles at 95°C for 20 s, annealing at 58-60°C for 40 s, and extension at 72°C for 60 s; and a final exten sion at 72°C for 5 min. The PCR amplicons were then separated with a GeneScan 400 LIZ Size Standard (Applied Biosystems, Foster City, California, USA) at the Macrogen Company utilizing an ABI 3730XL DNA Sequencer (Applied Biosystems). The resulting electrophero grams were scored using GeneMapper v5.0 (Applied Biosystems). Of the 35 tested primer pairs, 21 produced repeatable amplicons and 19 showed polymorphisms across all eight individuals. These 19 primer pairs were subsequently scored using 48 individuals of S. polylepis sampled from the same three island populations and five individu als from each of the other species, namely S. gracilis, S. grandifolia, S. maximowiczii, S. pulchella, and S. tanakae (Appendix 1), for con generic cross-transferability of the markers. The PCR thermocycling conditions and genotyping method were the same as described above. Population genetic diversity parameters, including number of alleles, expected heterozygosity, and observed heterozygosity, were calculated using GenAlEx v6.502 (Peakall and Smouse, 2006) . Deviations from Hardy-Weinberg equilibrium were calculated for each locus with GENEPOP 4.2 (Rousset, 2008) . Of the 21 SSRs de veloped in this study, 19 were polymorphic. The expected and ob served heterozygosity values ranged from 0.000 to 0.842 and from 0.000 to 0.933, respectively (Table 2) . Of the 19 polymorphic loci, five in the Hong-do population, five in the Heuksan-do population, and three in the Ui-do population deviated from Hardy-Weinberg equilibrium (Table 2) . Cross-amplification of the 21 primer pairs was conducted in five widely distributed congeneric species of Saussurea on the Korean peninsula. Three species (S. gracilis, S. grandiflora, and S. tanakae) were all successfully amplified and polymorphic for the 21 loci, while two species (S. maximowiczii and S. pulchella) were success fully amplified and polymorphic for 18 loci.
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CONCLUSIONS
The results of the present study represent the second set of SSR markers developed for the genus Saussurea. The 21 SSR markers developed in this study will be useful for studying genetic diver sity, gene flow, and population structure in S. polylepis. In addi tion, the resulting population genetic studies will help to develop appropriate conservation strategies and management plans of the endangered S. polylepis on continental islands in Korea. Lastly, the successful cross-amplification of these markers among com monly found Saussurea species in Korea will provide a novel pop ulation genetic tool in one of the most speciose groups in Korea.
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